Introduction
In the synthesis of metal coordination complexes, it is most common to introduce the metal centre in the final step. This approach is often used in order to simplify the preparation and purification of ligand intermediates in non-polar media, and because many functionalisation reactions involve rather harsh reactions conditions under which dissociation of the metal ion may occur, e.g. extremes of pH. An alternative strategy seeks to identify a robust metal coordination complex that can serve as a late intermediate in the synthesis of the target Dalton Trans 2014 2 complex, bearing an appropriate functional group (or groups) that can be modified or elaborated under relatively mild conditions. Examples of this divergent approach can be found in several different areas of coordination chemistry with kinetically inert metal complexes. For example, Williams has used a variety of Suzuki coupling reactions with iridium(III) complexes bearing aryl bromide functionality, either to extend ligand conjugation or create multimeric systems. 1, 2 In lanthanide systems, modular syntheses of heterometallic complexes have been devised by using kinetically stable complexes of heptadentate and octadentate ligands, in a series of Ugi, Pd(0) or Cu(I) catalysed 'click' reactions. [3] [4] [5] [6] There are also many examples to be found in contrast agent research, where Gd complexes of octadentate ligands, with between one and four peripheral functional groups, serve as intermediates in the synthesis of higher molecular weight conjugates. Typically, these examples involve amide bond formation or coordination of a pendant chelate to a second metal ion. [7] [8] [9] [10] In the development of emissive lanthanide optical probes, it is particularly attractive to devise a kinetically stable and synthetically versatile precursor complex that can be modified easily, as this approach allows systematic changes in the structure of the sensitising chromophore to be undertaken at the end of the synthesis. This divergent strategy contrasts with the linear synthetic approaches usually adopted, wherein a single sensitising moiety is engineered into the ligand at the beginning of the synthesis. It allows systematic variations to be made that permit an optimisation of the absorption properties ( max and ), whilst retaining the common coordination environment about the lanthanide ion that primarily determines the chemical stability of the complex and its resistance to excited state quenching.
Owing to their line-like emission spectra, large Stokes' shifts and long-lived excited states, emissive lanthanide complexes are proving to be excellent probes of biological systems and fluids. [11] [12] [13] [14] [15] [16] [17] [18] [19] Recently, a series of very bright Eu(III) phosphinate and carboxylate complexes has been reported containing pyridyl-alkynyl-aryl chromphores ( Fig. 1 ). 12 These bright complexes ( ~ 60 mM -1 cm -1 and  em in the range 20 to 50%), possess broad absorption bands with  max ~ 330 to 350 nm, meaning they can be excited using lasers or light emitting diodes at 337, 355, 365 or 375 nm, as required for use in cellulo. The peripheral functionalization of a second generation of complexes, has allowed for the staining of specific cell organelles, and time-resolved microscopy and spectral imaging studies have Dalton Trans 2014 3 been investigated. 13 A simple retrosynthetic analysis of these systems ( Fig. 1 ) reveals that the tris(4-bromopyridine) complex, [Eu.L 1 ] can serve as a common late intermediate and be used to prepare a wide range of analogues, via palladium-catalysed C-C bond forming reactions to sp 2 or sp hybridised carbon centres.
Figure 1
Retrosynthetic analysis of tris-pyridyl-alkynyl-aryl phosphinate complexes
To be used efficiently as stains and probes the complexes should be amenable to structural modification, for example to include substituents of varying steric demand, charge centres and/or hydrogen bond donors/acceptors, to tune affinity and gain selectivity. The triazoleforming copper-catalysed alkyne-azide cycloaddition (CuAAC) reaction is an attractive chemical reaction that allows such synthetic control, due to its wide applicability. 20 The tribromo-complex, [Eu.L 1 ] can be easily transformed into the corresponding triazide, owing to the enhanced electrophilicity of the C-Br bond. Interestingly, only two examples of lanthanide complexes incorporating pyridyl-triazole-aryl acyclic chelating ligands appear in the literature (Fig. 2) . 21, 22 Critically, each report states that the complexes have an absorption wavelength of 320 nm or more and, in the latter example, sensitised excitation of Eu(III) has been demonstrated.
Figure 2
Selected reported pyridyl-triazole-aryl lanthanide complexes 21, 22 In this work, we exemplify the synthetic utility of [Eu.L 1 ] in a set of Sonogashira reactions that allows the synthesis of four different aralkynyl substituted complexes. In addition, we
show that substitution of pyridyl-alkynyl-aryl chromophores by pyridyl-triazole-aryl moieties allows the creation of a lanthanide complex that can also be excited at the wavelengths used in cellular studies. In addition to solution phase characterisation, a single crystal structure determination is reported of the triazole complex, [Eu.L 2 ], as well as the characterisation of a Eu complex, [Eu.L 6 ], by circularly polarised luminescence that reveals it to be the brightest chiral complex yet observed; it possesses the strongest total CPL signal that has been measured.
Results and Discussion

Synthesis and characterisation of a triazole complex
A tris-pyridyl-triazole-anisole Eu(III) complex was prepared in a two-step, one-pot sequence from the recently reported tris-(4-bromopyridyl) complex, [Eu.L 1 ] (Scheme 1). 23 The complex was characterized by 1 H and 31 P NMR spectroscopy and ES mass spectrometry (ESI). The presence of a single peak in the 31 P NMR spectrum is consistent with the threefold complex symmetry in solution. In addition, very small single crystals were grown by evaporation of a water/methanol solution of the complex, and were suitable for X-ray crystallographic structure determination using synchrotron radiation ( Fig. 3) . Even after taking account of the disorder present in the structure, there is a clear loss in the C 3 symmetry of the complex in the solid state, as was observed in the structure of a closely related europium tris-alkynyl complex, in which P-phenyl substituents replace the P-methyl groups in [Eu.L 2 ]. 12
Figure 3
The molecular structure of [Eu.L 2 ] (ellipsoids are drawn at the 50% probability level;
one of the disordered components and the H atoms are omitted for clarity: CCDC 982687). Photophysical characterisations were subsequently undertaken in methanol. 2 Critically, the absorption spectrum reveals that the complex has a broad absorption band at 320 nm, which allows for excitation of the complex at wavelengths >340 nm. The europium emission spectrum strongly resembles that observed for [Eu.L 1 ] and related C 3 symmetric aralkynyl complexes in solution, as expected. 12, 13 The interaction between the chromophores evident in the packing diagram may help to explain the low overall emission quantum yield of 0.2%, as the intermolecular -stacking may enhance charge transfer quenching of the intermediate triazole excited states. The complex [Eu.L 2 ] was analysed by chiral HPLC. The  and  enantiomers were separated using a ChiralPAK ID column, with isocratic MeOH as eluent. The separated isomers were examined by CPL ( exc 320 nm) and near mirror image spectra were observed. This particular complex (vide infra) is 1000 times less bright than the alkynyl analogues discussed below, and was also rather sensitive to photobleaching during CPL data acquisition, for which ten consecutive scans were recorded and averaged. The sign and sequence of the CPL transitions observed were almost identical to those of [Eu.L 1 ] and its derivatives and analogues. 23, 24 The absolute configuration of the enantiomeric complex that eluted first was therefore deduced to be  and, by analogy, it must have an SSS configuration at each chiral P centre and a  configuration in each of the three NCH 2 CH 2 N chelate rings. Considering that related chiral Ln(III) complexes have been shown to give rise to large circularly polarised luminescence (CPL) 24 and that CPL spectroscopy and, in particular, microscopy remain under-exploited, 25 the ability to separate these enantiomers easily when substituted with large groups at the 4-pyridyl position is likely to be rather useful in the development of chiral probes for future chiroptical studies.
Sonogashira coupling reactions of tris(4-bromopyridyl) complexes
The carbon-bromine bond in 4-substituted pyridine derivatives is activated towards oxidative addition by low-valent Pd species. Indeed, the ligation of the pyridine lone pair to the europium(III) centre in [Eu.L 1 ] may enhance this reactivity, as the europium can act as a charge sink stabilising any build up of charge in the heterocyclic ring. 26 NMR spectroscopy and mass spectrometry 1 H, 13 spectrometer. Electrospray mass spectra were recorded on a Waters Micromass LCT or Thermo-Finnigan LTQ FT instrument operating in positive or negative ion mode as stated, with methanol as the carrier solvent. Accurate mass spectra were recorded using the Thermo-Finnigan LTQ FT mass spectrometer. 
Summary and Conclusions
Alkyne synthesis: 3,4,5-Trimethoxyphenylacetylene
